Speckle observations of 145 double stars and suspected double stars are presented and discussed. On the basis of multiple observations, a total of 280 position angle and separation measures are determined, as well as 23 high-quality nondetections. All observations were taken with the (unintensiÐed) Rochester Institute of Technology fast-readout CCD camera mounted on the Lowell-Tololo 61 cm telescope at the Cerro Tololo Inter-American Observatory during 1999 October. We Ðnd that the measures, when judged as a whole against ephemeris positions of binaries with very well-known orbits, have root mean square deviations of in position angle and 13^2 mas in separation. Eleven double stars discovered 1¡ .8^0¡ .3 by Hipparcos were also successfully observed, and the change in position angle and/or separation since the Hipparcos observations was substantial in three cases.
INTRODUCTION
In the Ðrst paper of this series, the use of a large-format, fast-readout CCD system for the determination of highquality relative astrometry of binary stars via the technique of speckle interferometry was demonstrated (Horch, Ninkov, & Slawson 1997, hereafter Paper I) . The data presented were obtained at the University of Toronto 60 cm telescope, which at the time was located at Las Campanas, Chile. It was noted in that work that, although the Southern Hemisphere has a long tradition of visual and interferometric binary star observations by skilled observers such as van den Bos, Rossiter, Finsen, and others, at the present time there are few data emerging from the south. In the speckle era, several investigators such as Morgan et al. (1978) , Morgan, Beckmann, & Scaddan (1980) ; Morgan et al. (1982) , Argue et al. (1984) , White et al. (1991) , and Horch et al. (1996) have contributed measures, but the most sustained e †ort that continued the work of the visual observers to obtain high-quality orbits of southern double stars was the program of the Center for High Angular Resolution Astronomy (CHARA) group when they were observing regularly at the Cerro Tololo Inter-American Observatory (CTIO) 4 m telescope between 1989 (McAlister, Hartkopf, & Franz 1990 Hartkopf et al. 1993 ; . Unfortunately, these measures do not span a long enough time period to permit deÐnitive orbit revisions of the classic sample of southern visual binaries.
In this paper, we present results from a total of 303 speckle observations obtained during October of 1999 using essentially the same camera system and observing technique as in Paper I, but with the Lowell-Tololo 61 cm ÈÈÈÈÈÈÈÈÈÈÈÈÈÈÈ 1 Visiting Astronomer, Cerro Tololo Inter-American Observatory, National Optical Astronomy Observatories. telescope at CTIO. Since the work presented here falls short of a sustained southern observing program, our approach has been to attempt to maximize the impact for future orbit redeterminations by focusing mainly on objects with visual orbits in the catalog of Worley & Heintz (1983) . Many of these orbits are of marginal or poor quality by current standards and are prime examples of how speckle interferometry can be used to provide necessary data to make signiÐcant progress in the orbital solutions in the coming years. This is especially important with the advent of Hipparcos parallaxes for these objects (ESA 1997) and the promise of continued improvements in the distance measures from the Full-Sky Astrometric Mapping Explorer (FAME) and the Space Interferometry Mission (SIM) within the next decade. In addition to these well-known southern visual binaries and calibration objects, we also observed some stars discovered to be double or suspected of duplicity by Hipparcos to determine any change in the relative position since the Hipparcos observation in the former case and to attempt to conÐrm duplicity in the latter.
OBSERVATIONS
All observations presented here were obtained during the two-week period from 1999 October 5 to 1999 October 18 (UT). As in Paper I, the CCD used was a Kodak KAF-4200 chip set inside a Photometrics, Ltd., camera head available as part of the solid state sensor development program at Rochester Institute of Technology (RIT). This device has 9 km square pixels and is front illuminated, providing a quantum efficiency of 30%È40% through the visible range. The electronics module used to read out the chip was somewhat faster than the earlier version discussed in Paper I and operated at a rate of 500 kpixel s~1. This allowed for a 1024-frame sequence of speckle data to be obtained in approximately 1 to 2 minutes, depending on the pixel- ; Bessel 1990) .
The Lowell-Tololo Telescope has two available secondary mirrors ; one provides a beam of f/13.5 and the other f/75. The f/75 secondary was convenient for providing the magniÐcation normally desired for speckle observations and was used for about 90% of the data taken. In this conÐguration, the CCD pixels were typically binned 4 ] 4 to achieve a pixel scale that approximated critical sampling (however, a handful of observations were binned 3 ] 3) ; in actual fact, the di †raction-limited point-spread function of the telescope was marginally undersampled. As discussed in Paper I, our analysis technique includes the subpixel sensitivity map of Kavaldjiev & Ninkov (1998) for the KAF-4200 chip to derive the most accurate astrometry from undersampled data. At f/75, the pixel scale and detector orientation (relative to the equatorial celestial coordinate system) were measured with the use of a two-hole mask placed over the telescope aperture. The pixel scale was then obtained as in Paper I, except that instead of using stellar spectra from Gunn & Stryker (1983) in the determination of the e †ective center wavelength of the mask observations (which is dependent on the spectral type of the star observed because of the wide passband), the spectra from Jacoby, Hunter, & Christian (1984) were used. The mask was oriented by pointing the telescope to the horizontal while it was on the meridian and using a plumb bob to position the center line between the holes. The fringes obtained when FIG. 1 .ÈSeeing histogram for the observations obtained. The lighter histogram is for all observations during the run (except a few judged at the outset to be too poor to attempt analysis), and the darker histogram is for only those objects for which the full reduction process succeeded. This is the same sample of objects that appears in Table 2. observing a bright unresolved star were then aligned eastwest by deÐnition. The technique of trailing stars across the detector with the tracking o † was also used to provide an independent measure of the detectorÏs zero-point angle. The results of these two types of measures were checked against a series of short exposures of the Trapezium (h1 Orionis), where the scale and zero-point angle were determined with the aid of astrometry in the literature (van Altena et al. 1988) . All scale and orientation values obtained are shown in Table 1 . For the determination of position angles and separations listed in the next section, we used the mask scale value and a weighted average of the angle values determined with the mask and the star trails, as shown.
The f/13.5 secondary was used for observations on two nights. In this conÐguration, the di †raction-limited pointspread function of the telescope was substantially undersampled, and the analysis of these data relied heavily on the undersampling correction method outlined in Paper I. It may be that measures obtained with f/13.5 are of lower quality than those obtained with the f/75 arrangement, but there are too few observations to make a deÐnitive statement at present. Scale and detector orientation measures for f/13.5 are also shown in Table 1 . The location of the secondary mirror inside the f/13.5 housing made it impossible to use the plumb bob method to orient the mask, so we have adopted the star trail value for the zero-point angle here. No Trapezium images were taken at f/13.5.
Our basic reduction scheme continues to be the weighted least-squares Ðt to the average power spectrum of the speckle frames making up an observation, and it is fully described in Paper I. This technique necessitates an observation of an unresolved source (a single star) close in time and in sky position to the double star of interest, which we chose from the Bright Star Catalogue (Hoffleit & Jaschek 1982) . For the observations discussed here, we attempted to Ðnd a single suitable point source for two to four binaries that were all close together on the sky to make the observing more efficient. In the course of reducing these data, the seeing is estimated for each object, and two basic criteria are used to determine if a measure is of high quality : (1) the Ðnal reduced s2 of the power spectrum Ðt and (2) the number of pixels used in the Ðt (which is determined by power spectrum signal-to-noise estimates and other factors). The position angle ambiguity inherent in the power spectrum approach was resolved by creating a low-quality reconstructed image from two subplanes of the image bispectrum.
Seeing conditions during the run ranged typically between to much worse than the observations pre-1A .6 2A .3, sented in Paper I but consistent with seeing measures obtained by the CTIO 4 m telescope during the same nights. Since seeing is known to a †ect speckle measurement precision (see e.g., , it was decided that all observations with seeing estimates of greater than 2A .3 would be removed from further consideration. This a †ects relatively few stars, but gives greater assurance that the astrometry determined from the remaining stars is of high quality. Seeing histograms for both the full sample of observations and the subset of observations judged to be of high quality are shown in Figure 1. 3. RESULTS Table 2 contains the main body of astrometric results from the data set. The columns give (1) the Aitken Double Star (ADS) Catalog number or, if none, the Bright Star Catalog (HR) number or, if none, the Durchmusterung (BD, CP, or CD) number ; (2) the discoverer designation ; (3) the HD number ; (4) the Hipparcos Catalogue number ; (5) the right ascension and declination in J2000.0 coordinates, which is the same as the identiÐcation number in the Washington Double Star (WDS) Catalog (Worley & Douglass 1997 ) for all objects that have WDS entries ; (6) the observation date in fraction of the Besselian year ; (7) the observed position angle (h), in degrees, with north through east deÐning the positive sense of h ; (8) the observed separation (o) in arcseconds ; (9) the center wavelength of the Ðlter used to make the observation, in nanometers ; and (10) the FWHM passband, also in nanometers. The position angles have not been corrected for precession and are appropriate for the epoch of observation shown. Position angles and separations are shown without uncertainty estimates, but a reasonable uncertainty estimate for any measure shown may be obtained by combining the measurement precision given in the next subsection with the uncertainty in the scale and detector orientation given in Table 1 in quadrature using standard error formulas.
Measures
Eleven of the objects in Table 2 were discovered by Hipparcos and have no other orbital data at present. Table 3 gives further information concerning these objects, including the change in position angle and separation since the Hipparcos observations. The column headings are as follows : (1) Hipparcos Double Star number ; (2) Hipparcos Catalogue number ; (3) the total Johnson V magnitude of the system ; (4) the magnitude di †erence of the system as it appears in the Hipparcos Catalogue ; (5) the parallax determined by Hipparcos, in mas ; (6) the position angle and (7) separation of the components as determined by Hipparcos, in degrees and arcseconds, respectively ; and (8) and (9) the di †erence between the values in columns (5) and (6) and the measures appearing in Table 2 . Three objects of the 11 appear to be relatively fast moving, namely, HDS 107, HDS 2957, and HDS 3152. The latter two are observable from northern sites and all three warrant continued attention in the coming years.
Detection and Measurement Capability
In order to characterize the accuracy and precision of our measures, we selected the subset of objects from Table 2 that have had recent orbit revisions that include substantial speckle data drawn from Hartkopf, McAlister, & Franz (1989) , , and other sources (Mason 1997 ; W. I. Hartkopf 1998, private communication ; Mason, Douglass, & Hartkopf 1999) . Table 4 contains the average deviation and root mean square (rms) deviation from the ephemeris positions for our measures of these objects, subject to orbit quality criteria. The orbits used have been published with uncertainties in the orbital parameters, and therefore the uncertainty in the ephemeris positions can be calculated. To ensure that the portion of the residual due to the uncertainty of the orbit was kept to a minimum (thereby allowing us to study the astrometric precision of the measures obtained), only orbits with the smallest uncertainties in ephemeris positions were used in deriving the results in Table 4 . For studying the position angle determinations, orbits with ephemeris uncertainties of less that 1¡ were used, while for the separation only orbits with separation uncertainties of less that 6.5 mas were considered.
Figures 2a and 2b show residual plots for separation and position angle, based on ephemeris positions derived from the orbit. Open circles denote orbits whose uncertainty in the ephemeris position was above the criterion listed in Table 2 having orbits determined with speckle data. (b) Separation residuals plotted as a function of ephemeris separation for the same set of observations. In both plots, Ðlled circles are data points from the highest quality orbits that were used to derive the values in Table 4 , open circles are speckle orbits of lower quality (not used in Table 4 ), and the error bars are the ephemeris uncertainties as calculated from the published orbital parameters. The gray band marks the region below the di †raction limit of the telescope (at V ). Table 4 and, therefore, were not used to determine the measurement precision. Filled circles indicate the measures used to calculate the values in Table 4 . All points are plotted with error bars ; these are the ephemeris uncertainties as determined from the published orbit. The plots and Table 4 both indicate no signiÐcant discrepancies and no systematic trends between the astrometric determinations here and the predicted positions. Because of the quality of the orbits used in the study, we may roughly associate the scatter in the residuals with the measurement precision limitations. The Ðgure for separation measurement error in Table 4 is slightly lower than that obtained by Douglass et al. (1999) on a comparably sized telescope but comparable with an earlier paper in that series . The separation measurement error is also larger than in Paper I, but this may be attributed at least in part to the much better seeing conditions to of the earlier run. (1A .2 1A . 3)
The separations used in the speckle orbit study are mostly below 1A and do not span the range of measures presented in Table 2 . It is, therefore, possible that pixel scale determination could be systematically o † at a level that would not be detected in small separation objects but would be evident at larger separations. To investigate this possibility, we completed a second residual study based on a small group of wide very slow moving pairs, com-(o [ 2A .0), paring our measures with the last measure appearing in the CHARA Third Catalog of Interferometric Measurements of Binary Stars (Hartkopf, McAlister, & Mason 1997) . In this case, we were primarily interested in looking for a systematic o †set in position angle or separation, and not in the rms deviation of the residuals. Figures 3a and 3b show the results of 10 such measures. There appears to be no o †set in either parameter even in these larger separation systems : the average residual in position angle was *h \ 0¡ .02 degrees, and for the separation the result waŝ 0¡ .21
*o \ 3.3^10.1 mas. However, the number of measures of this type is small, and it is not possible to completely rule out small systematic errors from the scale and zero-point angle determinations.
As a Ðnal test of the measurement precision, we examined the objects in Table 2 Figure 4a as a function of the average separation value for the objects. These exhibit a trend toward higher values at smaller separations, as expected for a constant linear measurement error. Plotted with the data points is a curve representing the function which would be the p h \ 0.75/o, curve expected for a rectilinear measurement precision uncertainty of 13.1 mas (i.e., equal to that of the separation residuals obtained earlier). The curve agrees with the data Table 2 that have appeared nearly stationary over a long history of observations. (b) Separation residuals plotted as a function of the last observed separation appearing in the CHARA Third Catalog for the same set of observations. The gray band in both plots marks the region below the di †raction limit of the telescope (at V ). \ 0.75/o, dotted line marks the rms deviation obtained from the speckle orbit study. In both plots, the open circles indicate BU 151AB and KUI 18, two objects that were also used in the speckle orbit study. The gray band marks the region below the di †raction limit of the telescope (at V ).
reasonably well. Figure 4b shows the separation deviations as a function of average separation obtained on each object ; these appear to be consistent with the 13.1 mas Ðgure for the measurement precision also and show no systematic trend as a function of separation. Figure 5 shows the separation deviations plotted as a function of (Fig. 5a ) the total V magnitude of the objects and (Fig. 5b ) the magnitude di †erence of the objects. Both the magnitudes and magnitude di †erences used were drawn from the Hipparcos Catalogue. Independent magnitude di †erences were derived for all objects in the course of our analysis ; these will be the subject of a forthcoming paper. Error bars plotted for the magnitude di †erences in Figure 5b are 0.14 mag ; this Ðgure was obtained by Mignard et al. (1995) for Hipparcos data. The former plot shows no signiÐcant trend with total magnitude, but the measurement precision does appear to decrease (meaning that the standard deviation increases) for large magnitude di †erence systems. Overall, the results of this study are fully consistent with those of the Ðrst study involving the speckle orbits, indicating measurement precision of about 13 mas in separation and 0.75/o degrees, where o is the separation of the system measured in arcseconds. Figure 6 shows a plot of magnitude di †erence versus total magnitude for all of the systems observed during our run ; it appears similar to that presented in Paper I. Although it is difficult to judge the true magnitude di †erence detection limit, Figure 6 suggests that systems brighter than 8th magnitude and with magnitude di †erences less than 3 to 4 can generally be successfully measured with this telescope/ instrument combination. There is also an indication that the sensitivity to large magnitude di †erences decreases as the total magnitude becomes fainter ; this is expected from power spectrum signal-to-noise considerations.
The reduction scheme occasionally returns the quadrant that is inconsistent with previous measures reported by Fig.5a Table 2 observed 5 or more times. (b) Separation standard deviations plotted as a function of magnitude di †erence (as given in the Hipparcos Catalogue) for the same objects. The dotted line here marks the rms deviation obtained from the speckle orbit study. In both plots, the open circles indicate BU 151AB and KUI 18, two objects that were also used in the speckle orbit study.
FIG. 6.ÈMagnitude di †erence plotted as a function of total V magnitude for all systems observed during the run, except nondetections of systems presumed to be below the di †raction limit based on orbital data. Values of both coordinates are taken from the Hipparcos Catalogue. Filled circles are successfully analyzed systems for which measures appear in Table 2 , open circles are systems where the secondary was detected but the observation failed one or more criteria for high-quality astrometry, and crosses are systems where the secondary was not detected. Error bars in the magnitude di †erences are omitted for clarity.
other observers (i.e., our position angle is o † by 180¡ relative to previous determinations ; such cases are noted in Table  2 ). These are usually small magnitude di †erence systems, but large magnitude di †erence systems can also be a †ected.
These larger *m systems tend to have small separations, indicating that quadrant determinations made with our measurement technique may be less reliable near the diffraction limit. We will continue to investigate this possibility with future observations.
CONCLUSIONS
We have presented 280 position angle and separation measures, as well as 23 nondetections, of double stars derived from speckle interferometry data taken at the Lowell-Tololo Telescope in October of 1999. These data are characterized by rms deviations of in position 1¡ .8^0¡ .3 angle and 13^2 mas in separation. Despite signiÐcantly poorer seeing than the data presented in Paper I, the detection capabilities appear similar, with systems of total magnitude brighter than 8 and magnitude di †erence less than 4 being measurable.
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